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The X-ray/gamma-ray mission INTEGRAL detected the short GRB170817A and demonstrated its association to a gravitational wave trigger, GW170817. This marks the first time a binary neutron star merger was detected by the LIGO-Virgo collaboration and that an electromagnetic counterpart to a gravitational wave event has been observed. GRB170817A was detected by the SPI-ACS on-board INTEGRAL and the Fermi/GBM instruments ∼ 1.7 s after the GW event.
Following the prompt emission, INTEGRAL performed pointed observations for 5.4 days. During this time the instruments provided stringent upper limits on any electromagnetic signal in the 3 keV to 8 MeV range. Interestingly, the GRB was found to be extremely subluminous. In light of these results from GRB170817A, we have begun analysis of soft gamma-ray data (200 keV − 2.6 MeV ) from INTEGRAL/PICsIT. With this wide field-of-view instrument, we have begun searching for untriggered SGRBs reported by Fermi/GBM as well as preparing for real-time analysis during future LIGO-Virgo observing runs.
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Introduction
The INTernational Gamma-Ray Astrophysics Laboratory (INTEGRAL) is an ESA Horizon 2000 mission [1] , has been providing outstanding scientific data to the whole international scientific community since its launch in 2002. The suite of on-board instruments span energies from 3 keV − 10 MeV with an unprecedented sensitivity and wide fields of view (FoV) ranging from ∼ 100 − 1000 deg 2 . The instruments have high time resolution (< 120 µs) as well as arcminute angular resolution and keV energy resolution. The large eccentricity of the satellite orbit permits long uninterrupted observations of ∼ 2.7 days with a live-time efficiency of > 85%. These features make INTEGRAL a great observatory for detecting prompt emission to electromagnetic (EM) counterparts from gravitational wave (GW) triggers from the LIGO-Virgo collaboration and also for performing subsequent follow-up observations. 
INTEGRAL All-sky Monitors
The Anti-Coincident Shield (ACS) of the spectrometer on INTEGRAL (SPI) [2] and the PIxellated Caesium Iodide Telescope (PICsIT) operate as all-sky instruments to monitor for gamma-ray bursts (GRBs) and other impulsive events, though they were not designed for that purpose [1] . The SPI-ACS is composed of 91 Bismuth Germanate (BGO) detectors arranged to have an almost complete view of the sky [3] . The SPI-ACS has an effective area of 0.7 m 2 above ∼ 75 keV with a single energy channel and a time resolution of 50 ms. Figure 1 shows a diagram of the INTEGRAL spacecraft with the SPI-ACS denoted in green on the right side of the figure.
The other instrument effectively working as an all-sky monitor is PICsIT, which has an area of ∼ 0.3 m 2 and can detect sources out to ∼ 70 • off-axis [4] . PICsIT in its standard (spectral-timing) mode has a time resolution of 16 ms and spans energies from ∼ 200 keV to 2.6 MeV in 8 broad energy channels that allows for the possibility for performing rough spectral analysis. Software is being developed to perform this analysis. Also, PICsIT can observe in photon-by-photon mode to provide better temporal and spectral resolution. In Figure 1 , PICsIT is located on the right side of the diagram in purple.
Because SPI-ACS and PICsIT (in standard mode) sum the signals of all the individual detectors, they can provide only rough position localization for bursts. Since the end of 2002, SPI-ACS has participated in the InterPlanetary Network (IPN) 1 that employs relative differences in arrival time between multiple satellites to localize GRBs [3] . A similar localization method can be employed in helping reduce the error region from the GW signal alone, which then aides follow-up observations for instruments at lower energies that often have significantly smaller FoVs.
GW170817/GRB170817A Hard X-ray Observations
Despite no detections of prompt or after-glow emission from INTEGRAL BBH mergers observed [5, 4, 6, 7, 8] (as expected), the binary neutron star (BNS) merger on 2017 August 17 at 12:40:04 UTC (GW170817) marked the first detection of an EM counterpart to a GW trigger from LIGO-Virgo collaboration. Approximately ∼ 1.7 s after the BNS merger, GRB 170817A was detected by INTEGRAL/SPI-ACS and Fermi/GBM at hard X-ray energies.
Temporal and spectral analyses of the GBM data found GRB 170817A to be a typical short GRB when compared to other SGRBs detected by GBM with a T 90 ∼ 2 s [9] . Because this event has a known distance (∼ 40 Mpc [10] ), unlike most SGRBs seen by GBM [9] , the energetics of the burst could be calculated. Interestingly, the isotropic energy was found to be 2 − 6 orders of magnitude less energetic than other SGRBs despite being about 2 order of magnitude closer.
The range of intrinsic energetics for SGRBs should have a fairly limited range since the progenitor systems are likely two neutron stars [11, 12, 13, 14] . Thus seeing a large range of observed energetics is probably due to viewing the jet off-axis. In the case of GRB 170817A, both the GW signal and the hard X-ray signal estimate an observing angle of ∼ 30 • [9] . Such a large viewing angle disfavors the standard uniform "top-hat" model, as opposed to more complex geometries (i.e. a structured jet or a uniform jet with a cocoon), thus giving some insight into GRB jet structure, though some work is being done to interpret the hard X-ray data without the presence of a jet [15] . Additionally, GBM estimates find that the burst could have been less luminous by ∼ 30%, consistent with a distance of approximately 50 Mpc, and still have triggered on-board [9] . Consequently, there may exist a population of observed SGRBs that are too faint to trigger on-board the instrument, and thus were missed.
Current and Future Work
Our current work has begun using past data to prepare for future observations, especially during the next LIGO-Virgo observing run. Firstly, we are searching for past INTEGRAL/PICsIT GRBs that have been previously reported by other instruments with a focus on SGRBs. An understanding of past performance of known events allows us to then make predictions about the probability of detecting EM counterparts to GW triggers. This initial search algorithm will then be the main component for performing real-time analysis of PICsIT data, which will search for GRBs (and other transient events) as part of a larger INTEGRAL Gravitational Wave teams's work to detect prompt (and follow-up) emission related to gravitational wave events. We are also working to possibly make such PICsIT triggers immediately available online.
Additionally, the low luminosity and flux of GRB 170817A has suggested the possible existence of a population of SGRBs that are below instrument thresholds that are missed due to no on-board trigger. Initial GBM results report detecting ∼ 80 SGRBs per year, compared to ∼ 40 triggered events per year. Consequently, we have begun searching for sub-threshold SGRBS in PICsIT and SPI-ACS data for untriggered events reported by GBM. [16] .
We have future plans for coordinated searches among the three instruments. A common search for past sub-threshold events can be used by the LIGO-Virgo collaboration to search for lowsignificance GW signals. During LIGO-Virgo observing runs, near real-time sub-threshold detections for the common search can be used to look for faint GW counterparts and lead to follow-up observations across the EM spectrum.
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